The essential oil composition of six species of wild Cinnamomum found in Borneo was investigated. The oils were obtained from bark by hydrodistillation and the volatile chemical profile was obtained via Gas Chromatography-Mass Spectrometry (GCMS). A total of 65 volatile constituents were identified, where the essential oils of the studied specimens contained high contents of oxygenated monoterpenes. Eucalyptol (1.2~31.1 %), terpinen-4-ol (7.9~22.1 %), eugenol (0.4~37.9 %) and α-cadinol (0.4~1.8 %) were detected consistently in the specimens studied. The oils of C. cuspidatum and C. crassinervium exhibited significant inhibition against Listeria monocytogenes, specifically the latter, which displayed a lower minimum bactericidal concentration (MBC) value against Staphylococcus aereus and L. monocytogenes. This result had highlighted the possible usage of the essential oil derived from wild cinnamom species against food borne pathogens.
As this genus is diversely distributed in Southeast Asia, many wild Cinnamomum species have yet to be studied for their potential use as antibacterial agents. Therefore, we explored the antibacterial potential of the essential oils from six species of wild cinnamon (C. crassinervium Miq., C. racemosum Kosterm, C. cuspidatum Miq., C. politum Miq., C. javanicum Blume, and Cinnamomum sp.) found in Borneo.
The essential oils obtained were highly aromatic, clear, pale liquids. The yields were as follows; 4.6 %, 5.7 %, 2.2 %, 5.5 %, 8.8 % and 6.9 % for C. racemosum, C. cuspidatum, C. politum, Cinnamomum sp., C. javanicum and C. crassinervium, respectively, calculated on a moisture free basis. A total of 65 volatile constituents were successfully identified by gas chromatography-mass spectrometry (GCMS) . The details of the identified volatile constituents are presented in Table 1 .
Overall, the majority of the volatile constituents of the essential oils were oxygenated monoterpenes. A total of 43 volatile constituents were identified in the oil of Cinnamomum sp, 40 in C. politum, 30 in C. cuspidatum, 25 in C. racemosum, 16 in C. javanicum and 12 in C. crassinervium. Based on a detailed analysis, four volatile markers were consistently present in the specimens studied; these were eucalyptol (1.2 ~31.1 %), terpinen-4-ol (7.9~22.1 %), eugenol (0.4~37.9 %) and α-cadinol (0.4~1.8 %). The essential oils also contained monoterpene hydrocarbons (14.7~21.9 %), oxygenated monoterpenes (40.2~74.5 %), sesquiterpene hydrocarbons (6.2~25.9 %) and oxygenated sesquiterpenes (1.8~18.8 %). The variation and differences in the volatile metabolites of the oils could be influenced by ecological and plant growth factors.
Pertaining to their antibacterial activity, the oil of C. cuspidatum and C. crassinervium exhibited significant inhibition against L. monocytogenes. Oil of C. crassinervium displayed a lower minimum bactericidal concentration value against S. aereus and L. monocytogenes. All the essential oils were evaluated for their antibacterial activities against a panel of four food pathogens. The detailed activities are given in Table 2 .
Terpenes are the active antimicrobial compounds of essential oils. The action mechanism of this class of compounds is not fully understood, but it is speculated to involve membrane disruption by these lipophilic compounds. The presence of eugenol, eucalyptol and terpineol was also reported by Tian and co-workers [3a] and Tzortzakis [3b]. Based on their findings, the main constituent, eugenol, was found to be responsible for suppressing S. aureus. Eugenol was also proven to kill L. monocytogenes, E. coli and some antibiotic resistant bacterial strains [3c].
Eucalyptol and α-terpineol have been reported to possess antifungal properties that could be useful for the control of food contamination NPC Natural Product Communications 2014 Vol. 9 No. 9 1387 -1389 1388 Natural Product Communications Vol. 9 (9) 2014 Vairappan et al. *RRI, retention indices on BPX 5; b Compounds are listed in order of elution based on BPX 5; Volatile compounds were identified based on their MS fragment pattern and retention index as compared with NIST and FFNSC data bases. [4a] . These data support our findings. Eucalyptol was found to dominate the oil of C. crassinervium. It can be postulated that the presence of this constituent influences the bioactive potential against the tested bacterial strains. Eugenol, eucalyptol and α-terpineol enhance these antibacterial effects. The effect of minor volatile constituents in essential oils is more critical for their biological activity. Terpinen-4-ol was found to be responsible for diffusing into and damaging cell membrane structures, causing either increased fluidity or disordering the membrane structure and inhibiting membrane bound enzymes [4b] . Dongmo et al. [4c] and Satyal et al. [4d] also revealed the potential of Cinnamomum essential oils to be used as natural bio-control agents. It was found that the oils of C. camphora, C. glaucescens and C. tamala displayed toxicity towards Aspergillus niger, were insecticidal Essential oils of six Cinnamomum species Natural Product Communications Vol. 9 (9) 2014 1389 CC  250  1000  63  125  500  > 1000  500  > 1000   CP  500  1000  250  500  250  1000  500  1000  C sp  250  500  125  250  250  500  250  500  CJ  250  500  125  500  250  500  250  500  CCr  125  250  63  125  125  500  125 against fruits flies and fire ants, and possessed nematicidal activity [4c, 4d] . Thus, it is suggested that the essential oils from the wild Borneon Cinnamomum species could be investigated for possible usage as bio-control agents. Essential oil isolation: Two hundred g of powdered barks were hydro distilled using a Clevenger-type apparatus for 8 h. Distilled oil was collected in GR-grade n-pentane (Merck, Germany), dried over sodium sulfate anhydrous (Sigma, USA), concentrated in vacuo, stored in air-tight glass vials, flushed with nitrogen (N 2 ) gas, and kept at -81ºC for further testing and chemical analysis.
Experimental

GC-MS analysis of the essential oil:
Analysis of the essential oils was performed using a Shimadzu QP-2010 chromatograph coupled with a Shimadzu GCMS QP-2010 plus detector (Shimadzu Corp., Japan) using a SGE BPX-5 (30.0 m X 0.25 μm i.d., film thickness 0.25 μm) fused silica capillary column. High purity helium was used as the carrier gas at a constant flow rate of 0.8 mL min -1 . A 1 L sample was injected (split ratio 100:1) into the GCMS using an AOC5000 autoinjector. The initial temperature was set at 50°C, heated at a rate of 3°C min -1 to 280°C and held isothermally for 5 min. The ion source temperature for these analyses was set at 200°C, and the interface temperature at 280°C. The mass spectrometer was set to operate in electron ionization mode with an ionizing energy of 70 eV, and an acquisition mass range from 40 to 450 a.m.u. at 0.25 scan s -1 .
Identification of constituents was confirmed using two standard libraries, published EI-MS in the National Institute for Standard and Technology (NIST) 1998 and Shimadzu's Flavours and Fragrance of Natural and Synthetic Compounds (FFNSC) version 1.2 computerized mass spectral libraries. The retention indices were determined based on a homologous series of n-alkanes (C 8 -C 40 ) (Custom Retention Time Index Standard, Restek Corp, USA) external standard analyzed under the same operating conditions and calibrated based on Automatic Adjustment of Compound Retention Time (AART) function of the GCMS. Relative concentrations of the essential oil components were calculated based on GC peak area with the AART correction factors.
Antibacterial activity:
The antibacterial assay used was the broth dilution method described in the Manual of Clinical Microbiology to assess the antibacterial activities of essential oils and their chemical constituents against four strains of food pathogenic bacteria: Staphylococcus aureus (ATCC 29213), Listeria monocytogenes (ATCC 7644), Salmonella typhimurium (ATCC 25922) and Salmonella enteritidis (ATCC 29213). These American Type Culture Collection (ATCC) bacterial strains were obtained from the School of Food Science Culture Collection, Universiti Malaysia Sabah.
